Figure 1. Markers Distinguish Ventral Midline Cells
Immunohistochemical analysis of transverse sections of embryonic rat rostral diencephalon (D) and spinal cord (SC). At 10-12 somites, rostral diencephalic ventral midline cells continue to express HNF3␤ (A) and have begun to express SHH (E), BMP7 (M), and Nkx2.1 (Q), but not FP3 (I). Prechordal mesoderm continues to express SHH (E and see Figure  2F ) and BMP7 (M). Expression of BMP7 in prechordal mesoderm is first detected at 5-8 somites (data not shown). Floor plate cells express HNF3␤ (B), SHH (F), and FP3 (J), but not BMP7 (N) or Nkx2.1 (R). HNF3␤ and SHH are expressed in notochord (B, F). At 17 somites, HNF3␤ is absent from diencephalon (C) but maintained in floor plate and notochord (D). BMP7 is detected in ventral diencephalic ventral midline cells (O) but not in floor plate (P). At 21-23 somites, ventral diencephalic cells express SHH (G) and Nkx2.1 (S), but not FP3 (K). Floor plate expresses SHH (H), and FP3 (L), but not Nkx2.1 (T). Nkx2.1 is also expressed by ventrolateral diencephalic cells. Arrowheads indicate prechordal mesoderm or notochord. requires the actions of both SHH and BMP7. BMP7 imthe neuraxis of the rat (E8.5-E11.5: pre-headfold to 26 somites) ( Figure 1 ; Table 1 ). poses rostral character on neural midline cells by modifying their response to SHH. These findings demonstrate Floor plate cells at prospective spinal cord and hindbrain levels can be defined by the early and sustained a novel interaction between SHH and BMP7 and, in addition, suggest that the acquisition of rostral character expression of the transcription factor, HNF3␤, accompanied later by the expression of the surface molecules by ventral midline cells of the diencephalon results from the specialized inducing properties of the underlying FP3 and FP4 (Figures 1 and 2 ; Table 1 ). In contrast, although we found that rostral diencephalic ventral midaxial prechordal mesoderm.
line cells express HNF3␤, they do so only transiently, with expression terminating by E11. Moreover, rostral Results diencephalic ventral midline cells do not express the floor plate markers FP3 or FP4 but do, in contrast to the Distinct Properties of Ventral Midline Cells Rostral floor plate, express the TGF␤-like signaling molecule, and Caudal to the Mid-Diencephalon BMP7, and the homeodomain protein, Nkx2.1 (Figure 1 ; Analysis of the cell surface properties and axon guid- Table 1 ). ance functions of ventral midline cells reveals that the floor plate extends from the spinal cord to the middiencephalon (Placzek et al., 1993) . Rostral to the midPrechordal Mesoderm Promotes the Differentiation diencephalon boundary, ventral midline cells share exof Rostral Diencephalic Ventral Midline Cells pression of SHH with floor plate (Figure 1 ; Echelard et To determine whether the specialized properties of rosal., 1993; Krauss et al., 1993; Ericson et al., 1995; tral diencephalic ventral midline cells are acquired in et al., 1995b) but do not display other floor plate properresponse to signals from underlying axial mesoderm, ties. To identify properties of ventral midline cells rostral we examined the expression profile of midline markers to the mid-diencephalon that can serve as markers to in explants of rat intermediate neural plate cultured define their differentiation in vitro, we examined the profile of marker expression by midline cells throughout alone or with prechordal mesoderm (Figure 2 ).
To distinguish these possibilities, we tested the ability the presence of function-blocking anti-SHH antibodies Nkx2.1 is also briefly expressed in mesencephalic floor plate cells (Ericson et al., 1996) . Caudal neural plate explants cularound 10 somites. Note also that at 26 somites, BMP7 expression tured in contact with prechordal mesoderm that had is no longer detected in the rostral diencephalon (compare with been preincubated with anti-SHH IgG did not express Nkx2.1 ( Figure 4H ) or other rostral diencephalic ventral midline markers (data not shown). Thus, SHH is required for prechordal mesoderm to induce rostral diencephalic Initially, we examined the ability of prechordal mesoventral midline cells. derm to induce rostral diencephalic markers in explants of rostral intermediate neural plate (Figures 2B-2D ). Neural plate explants cultured alone, or with prechordal SHH-Independent Rostralizing Factor(s) Are Expressed by Prechordal Mesoderm mesoderm at a distance, did not express midline markers (Placzek et al., 1993 ; data not shown). In contrast, and Rostral Paraxial Mesoderm Signaling by SHH is required for the inducing activities in conjugates of neural plate in contact with prechordal mesoderm, cells expressing the combination of markers of both prechordal mesoderm and notochord, yet the neural plate responds differently to these two tissues. normally detected in the rostral diencephalic ventral midline were generated. Cells transiently expressing One mechanism to account for this might be that axial mesoderm at different rostrocaudal levels expresses dif-HNF3␤ also expressed SHH, BMP7, and Nkx2.1, over a sustained period, but did not express FP3 and FP4 ferent concentrations of SHH and that these evoke distinct responses. Alternatively, prechordal mesoderm (Figures 3A-3F To examine the distribution of rostralizing signals, notoWhen caudal neural plate-notochord conjugates were chord-caudal neural plate conjugates were cultured sursurrounded by a ring of prechordal mesoderm ( Figure  rounded by rings of mesoderm dissected from different 2Dc), cells expressing rostral diencephalic, rather than regions of the embryo. Although rostral paraxial mesofloor plate, markers were induced adjacent to the notoderm does not express SHH ( Figure 2A ) and is unable chord (Figures 4I and 4J; Table 2 ). Thus, a contactto induce midline cells (data not shown), it shared with independent signal from prechordal mesoderm can alter prechordal mesoderm the ability to modify the response the action of notochord-derived SHH to induce rostral to notochord, such that rostral diencephalic midline diencephalic ventral midline cells. cells, rather than floor plate cells, were induced (Figures Although the amount of SHH diffusing into a neural 4M and 4N; Table 2 ). In contrast, caudal paraxial mesoexplant from a ring of prechordal mesoderm explants derm ( Figure 2A ) did not alter the outcome of notochordis apparently insufficient to induce ventral midline cells, mediated induction of floor plate (Figures 4O and 4P; it may be enough to rostralize the response of neural Table 2 ). cells to the notochord by augmenting notochordThus, rostral axial and paraxial mesoderm, but not derived SHH. To test this possibility, prechordal mesocaudal mesoderm, express a diffusible rostralizing sigderm was preincubated with function-blocking anti-SHH nal(s) that is distinct from SHH. The signal acts together IgG before culturing it either in contact with neural plate with SHH to direct the differentiation of rostral dienceor in a ring around neural plate-notochord conjugates.
phalic ventral midline cells. The ability of prechordal mesoderm to induce ventral midline cells was blocked (Figures 4G and 4H) 
but with
BMPs Mimic the Actions of the Prechordal a ring of antibody-treated prechordal mesoderm surMesoderm-Derived Rostralizing Factor rounding caudal neural plate-notochord conjugates,
To identify the factors that provide the prechordal mesorostral diencephalic ventral midline cells, rather than derm with its distinct signaling ability, we examined the floor plate cells, differentiated adjacent to the notochord activity of signaling molecules known to be expressed ( Figures 4K and 4L ). Thus, prechordal mesoderm lackby prechordal mesoderm. One candidate, BMP7, is exing SHH activity can still alter the response of neural pressed in prechordal mesoderm but not in caudal notoplate tissue to notochord signaling. This result indicates chord in chick and rat embryos during the period of that the diffusible rostralizing factor in prechordal mesoneurulation (Figures 1M and 1N ; J. D. and M. P., manuscript in preparation). In addition, a related molecule, derm is distinct from SHH. BMP4, is expressed in rostral mesendoderm in zebrafish 1996) to interfere with the induction of rostral diencephalic ventral midline cells. Initially, we assessed the (Hammerschmidt et al., 1996) . We therefore examined the ability of BMP7 and BMP4 to mimic the actions of ability of anti-BMP7 IgG to block the action of BMP7 on neural tissue. Notochord-caudal neural plate explants rostral mesoderm.
Caudal neural plate-notochord conjugates were culcultured with BMP7 generated rostral diencephalic ventral midline cells ( Figures 5A and 5B ). However, in the tured in the presence of BMP7 or BMP4. Both molecules modified the response of the neural plate such that rospresence of anti-BMP7 IgG, the activity of BMP7 was blocked such that floor plate cells were induced by nototral diencephalic ventral midline, rather than floor plate, cells differentiated adjacent to the notochord (Figures chord (Figures 5C and 5D ). Anti-BMP7 IgG did not affect the activity of BMP4 in this assay (data not shown). 5A and 5B; Table 2 ). Addition of BMP7 or BMP4 to caudal neural plate explants alone did not induce ventral
We then determined whether BMP7 activity is required for the rostralizing activity of prechordal mesoderm. Premidline properties ( Figures 6A and 6B ) but did induce expression of Msx1 (data not shown), a marker of dorsal chordal mesoderm in which BMP7 activity was blocked by preincubation with anti-BMP7 IgG was cultured in neural tube cells (Liem et al., 1995) . Thus, although BMP7 and BMP4 induce dorsal neural tube cells in the contact with caudal neural plate explants. Floor plate, rather than rostral diencephalic ventral midline, cells absence of a source of SHH, they mimic the rostralizing activity of prechordal mesoderm and rostral paraxial differentiated in the neural explants ( Figures 5E-5H) . Similarly, prechordal mesoderm explants preincubated mesoderm in the presence of notochord.
with anti-BMP7 IgG and then cultured in a ring around caudal neural plate-notochord conjugates did not rosThe Rostralizing Activity of Prechordal tralize the response of the neural tissue (data not shown).
Mesoderm Is Mediated by BMP7
In contrast, blockade of BMP7 function in rostral paraTo determine whether BMP7 represents the endogexial mesoderm did not affect its ability to rostralize the nous rostralizing activity of prechordal mesoderm and/ response of neural tissue to notochord (data not shown). or rostral paraxial mesoderm, we tested the ability of a function-blocking anti-BMP7 antibody (Solursh et al., These results indicate that the rostralizing activity of prechordal mesoderm is mediated by BMP7, but that cells (Figures 6C and 6D ; data not shown). In contrast, rostral paraxial mesoderm expresses a distinct rostralizin the presence of BMP7, 10 nM SHH induced the differing signal. Furthermore, in the absence of BMP7 funcentiation of rostral diencephalic midline cells, expresstion, the inducing activity of prechordal mesoderm in ing transient HNF3␤ and SHH, BMP7, and Nkx2.1 (Figcontact with caudal neural plate is similar to that of ures 6E and 6F; data not shown). These results support notochord, suggesting that the levels of SHH expressed the idea that BMP7 modulates the response of neural by prechordal mesoderm are appropriate for floor plate tissue to SHH and suggest that the coordinate actions induction and that BMP7 modifies the outcome of preof BMP7 and SHH are sufficient to promote a rostral chordal mesoderm-derived SHH signaling. diencephalic midline fate. Application of 10 nM SHH alone consistently induces floor plate properties in caudal neural plate explants.
BMP7 Modifies SHH Signaling in Neurectoderm
However, in two explants, rostral diencephalic ventral To determine whether BMP7 can act directly on neurecmidline cells were also detected at the extreme edge of toderm to alter its response to SHH signaling, caudal the explant (Figure 6 legend) . It is likely that the periphery neural plate explants were cultured with 10 nM SHH of an explant is exposed to higher concentrations of either alone or with BMP7. Figure 4 .
that rostral diencephalic ventral midline cells differentiprospective rostral diencephalic ventral midline cells themselves require rostralization by prechordal mesoate in response to levels of SHH higher than those required to induce floor plate. To test this, caudal neural derm? In vivo, at early neural plate stages, prospective rostral diencephalic ventral midline cells express HNF3␤ plate explants were cultured with a 2.5-fold higher concentration of SHH. Rostral diencephalic ventral midline ( Figure 2E ; J. D. and M. P., manuscript in preparation). The subsequent restriction of HNF3␤ to regions caudal cells, rather than floor plate cells, were induced ( Figures  6G and 6H ; data not shown). Thus, the effect of 10 to mid-diencephalon is coincident with the up-regulation of BMP7 and Nkx2.1 in rostral diencephalic ventral nM SHH and BMP7 together on neural plate can be mimicked by 25 nM SHH alone. midline cells (Figure 1) . Thus, initially, the rostral midline is indistinguishable from the early caudal midline, sugWe have shown that the SHH expressed by prechordal mesoderm is sufficient to induce floor plate cells and gesting that rostralization of the midline occurs only relatively late (Figure 1 ). cannot itself rostralize the response of neural tissue to notochord. Furthermore, the ability of prechordal mesoTo examine whether rostral character is imposed on prospective rostral diencephalic ventral midline cells by derm to rostralize depends on its production of BMP7. The finding that 25 nM SHH can mimic the activity of prechordal mesoderm, we cultured explants of this tissue (RD in Figure 2C ) with and without underlying preprechordal mesoderm, or the combined actions of 10 nM SHH and BMP7, might therefore reflect the induction chordal mesoderm. At the time of isolation from the 7-8 somite rat, these midline cells express HNF3␤ but not in the neural tissue of another factor, perhaps a BMP, that, in turn, mediates the rostralization of the neurecother ventral midline markers (Figures 1, 2E , and 2F). When they were cultured without prechordal mesoderm, toderm. To test whether the rostralizing effects of 25 nM SHH are mediated by induction in the neural tissue expression of HNF3␤ persisted ( Figure 7A ) but Nkx2.1 expression was not observed ( Figure 7C ). In the presof BMP7 itself, caudal neural plate explants were cultured in 25 nM SHH in the presence of anti-BMP7 IgG.
ence of underlying prechordal mesoderm, cells expressing Nkx2.1 and BMP7 were observed and HNF3␤ exFloor plate cells rather than rostral diencephalic ventral midline cells were generated ( Figures 6I and 6J ). This pression was extinguished (Figures 7D-7F ; data not shown). Prospective rostral diencephalic ventral midline result suggests that 25 nM SHH mimics the activity of prechordal mesoderm by inducing BMP7 signaling cells, therefore, are not specified to adopt a rostral fate but require signals from the prechordal mesoderm to within the explant and further supports the idea that rostral diencephalic ventral midline cells differentiate in express rostral properties. (Roelink et al., 1994 Marti et al., 1995a; Chiang et al., 1996; Ericson et al., 1996) . The induction of rostral diencephalic ventral midline cells by prechordal mesoderm also depends on SHH signaling. Prechordal mesoderm lacking SHH function does not induce midline cells of rostral or caudal type. However, in addition, BMP7 function in prechordal mesoderm is required for its ability to impose rostral character on ventral midline cells induced by SHH. Prechordal mesoderm lacking BMP7 function induces floor plate cells. These observations suggest that the coincidence of BMP7 and SHH signaling activity accounts for the ability of prechordal mesoderm to induce rostral midline cells and to inhibit the program of caudal midline cell differentiation. the neural plate requires additional rostralizing signals from adjacent tissues. Signals from rostral mesendoderm appear to be required for the expression and stabilization of Otx2, a general marker of rostral phenotype prospective rostral diencephalic ventral midline cells adopt if not removed from a source of sustained SHH, (Ang et al., 1994; Acampora et al., 1995) . Furthermore, the expression of nodal, a member of the transforming they were cultured with 10 nM SHH. This concentration of SHH induces floor plate in control caudal intermediate growth factor ␤ (TGF␤) superfamily, in rostral endoderm has been shown to be required for the morphogenesis neural explants ( Figure 6C ) but induces rostral diencephalic ventral midline cells in caudal explants that have of the forebrain and rostral midbrain (Varlet et al., 1997) , and a signal from the primitive endoderm has been sugreceived a rostral signal ( Figure 6F ). In prospective rostral diencephalic ventral midline explants exposed to 10 gested to confer early rostral character upon neural tissue (Thomas and Beddington, 1996 ; see also BouwnM SHH, floor plate cells, but not rostral diencephalic ventral midline cells, were generated ( Figures 7G-7I) . meister et al., 1996) . Our experiments indicate that, in rat, the differentiaThis result suggests that prospective rostral diencephalic ventral midline cells have a caudal fate until they tion of rostral diencephalic ventral midline cells occurs over a protracted period and that they acquire stable are rostralized by prechordal mesoderm.
Prospective Rostral Midline Differentiates

Rostrocaudal Patterning of the Neuraxis
We then determined whether the ability of prechordal rostral character only after the 7-8 somite stage, when they encounter appropriate signals from the prechordal mesoderm to impose rostral character on prospective rostral diencephalic ventral midline cells is mediated mesoderm. In newly formed neural plate, prospective rostral diencephalic ventral midline cells appear to have by BMP7. Explants of rostral midline with prechordal mesoderm were cultured in the presence of anti-BMP7 a ventral midline identity, indicated by their expression of HNF3␤. This initial differentiation of the midline is IgG. Induction of rostral cell types was abolished ( Figure  7L ) and, instead, floor plate cells were generated (Fig- likely to occur in response to SHH which it encounters during neural plate formation (J. D. and M. P., manuscript ures 7J and 7K), indicating that rostralization of prospective rostral diencephalic ventral midline cells by prein preparation). Sustained SHH signaling is required for further differentiation of ventral midline cells, and our chordal mesoderm requires BMP7 function. studies indicate that this SHH is provided by prechordal identity. Their normal rostral character is likely to be acquired only when they encounter prechordal mesomesoderm in rostral regions. However, in response to purified SHH or to prechordal mesoderm in which BMP7 derm-derived BMP7.
Other studies have demonstrated the presence of facfunction has been blocked, prospective rostral diencephalic ventral midline cells acquire a caudal, floor plate, tors in caudal paraxial mesoderm that act to caudalize signaling in neural tissue therefore appears to depend on the local SHH concentration. BMPs at the ventral midline of the rostral neural tube cooperate with the high levels of SHH, also found there, to promote rostroventral fates; but at a distance from a SHH source, such as at the dorsal pole of the caudal neural tube, BMPs act to induce dorsal cell fates (Figure 8 ). Hedgehog (Hh) and BMPs have been shown previously to act together in the specification of cell fate. In Drosophila imaginal discs, Hh and decapentaplegic (DPP) participate in a sequential inductive pathway. Hh Lecuit et al., 1996) . In the caudal neural neural tissue (Itasaki et al., 1996; Muhr et al., submitted) . Together, all these results suggest that neural tissue Mesencephalic Ventral Midline Expresses acquires positional identity along the rostrocaudal axis BMP7 and Floor Plate Markers in response to signals from adjacent mesoderm and that
The inhibition of floor plate induction by BMP7 reveals ventral midline regions of prospective forebrain may be an apparent paradox in the finding that mesencephalic patterned after neural plate formation during neurufloor plate cells and the anterior notochord that underlies lation.
it coexpress BMP7 and FP3 (Table 1 ; data not shown). However, the expression of BMP7 in anterior notochord, BMPs and SHH Interact to Regulate Cell Fate midbrain, and caudal diencephalon is delayed relative Previous work has shown that BMPs and SHH can each to that in prechordal mesoderm and rostral diencephalic act alone to regulate cell fate. BMPs induce dorsal cell midline cells (data not shown) and may thus occur too fates in caudal neural plate explants (Liem et al., 1995) , late for it to affect the floor plate differentiation pathway. whereas application of SHH to caudal neural plate exAlternatively, the mesencephalon or the axial mesoderm plants at increasing concentrations progressively inunderlying it may express molecules that interact with duces interneurons, motor neurons, and floor plate cells BMP7 to interfere with its function (J. D. and M. P., (Ericson et al., 1996) . Together, these results have led manuscript in preparation). to the idea that in caudal regions of the neuraxis, ventral cell fate is controlled by a gradient of SHH emanating from the ventral midline Patterning of the Rostral Diencephalic Ventral Midline In Vivo al., 1996) and that BMPs, derived from the dorsal midline, induce dorsal cell types and oppose the actions of BMP7 is expressed by prechordal mesoderm and mimics its rostralizing activity. The absence of expression SHH.
Our findings suggest that another mechanism by of other BMP family members by prechordal mesoderm in the rat and chick (S. Shah, K. Liem, T. Jessell, and which neural cells acquire distinct fates in response to SHH and BMPs is a cooperative interaction between J. D., unpublished observations), and the blockade of prechordal mesoderm activity by anti-BMP7 IgG, sugthe two signaling molecules. BMP7 directs ventral midline cell fate in the rostral diencephalon by altering the gests that BMP7 mediates the rostralizing action of prechordal mesoderm in these species. response of the neurectoderm to concentrations of SHH from the underlying axial mesoderm which otherwise Prechordal mesoderm is closely apposed to the midline of the rostral neural plate and, later, to the ventral would induce floor plate. Thus, BMPs diffusing into neural tissue that is apposed to a source of SHH, provided midline of the rostral neural tube. The proximity of the tissues and the early expression of BMP7 in prechordal in our experiments by notochord, promote both dorsal and rostral cell fates in nonoverlapping and predictable mesoderm suggest that, in normal development, prechordal mesoderm is likely to be the source of the signal regions of the neural explant. Rostral diencephalic ventral midline cells differentiate in the neural explant adjathat initiates rostralization of the ventral diencephalic midline. However, whether prechordal mesoderm norcent to the mesoderm explant, whereas dorsal cells are induced at the periphery of the neural explant, in regions mally acts alone in vivo to confer rostral character on midline diencephalic cells is unclear. We have shown furthest from the source of SHH. The outcome of BMP Chick that rostral paraxial mesoderm possesses a BMP7-indeMesoderm explants were dissected from HH stage 6-8 embryos pendent rostralizing activity that can act at a distance (Placzek et al., 1993) and isolated from endoderm using Dispase in vitro to rostralize the response of neurectoderm to (1 mg/ml). To define the period over which prechordal mesoderm notochord-derived SHH (Figure 4) . Moreover, rat parainduces ventral midline cells, it was isolated from HH stage 6-11. xial mesoderm rostralizes the response of neurectoderm Mesoderm explants cultured alone did not label with any of the markers used to define neural cells. A notochord-specific marker, in contact with prechordal mesoderm under conditions Not-1 (Placzek et al., 1990b) , was used in combination with a marker in which BMP7 function in both prechordal mesoderm of notochord and prechordal mesoderm (2F9; N. Sattar and M. P., and neurectoderm has been blocked (data not shown).
unpublished observations) to determine the accuracy of dissection Thus, rostralizing signals from both axial and paraxial of axial mesoderm ( Figure 2G ). rostral mesoderm have the capacity to act with SHH to pattern the diencephalic ventral midline.
Explant Culture
The ability of rostral paraxial mesoderm to induce Explants were embedded in collagen and cultured (Placzek et al., 1993) 1995) and BMP4 in the rostral mesendoderm of zebrafish (Hammerschmidt et al., 1996) , suggest that the rostraliz-
Purified Proteins
ing activity of paraxial mesoderm may be another BMP.
Human BMP7/osteogenic protein 1 (OP1) (Creative Biomolecules), human BMP4 (gift of M. Jones), and rat SHH-N (Ericson et al., 1996) We have addressed the role of SHH and BMPs in the were added at the onset of culture and refreshed 12 hr later. Proteins specification of ventral midline cells in the rostral dienwere used at concentrations within the effective ranges used in cephalon, but it is possible that the coincidence of these other assays (Sampath et al., 1992; Ericson et al., 1996) . signals in ventral regions results more generally in the induction of rostral diencephalic character. SHH expres-
In Situ Hybridization
sion is restricted to the midline but can influence neuroRat and chick SHH were detected using species-specific digoxigenin-labeled antisense RNA probes (Roelink et al., 1994; epithelial cells at a distance Ericson et al., 1995) et al., 1995, 1996) . BMPs derived from prechordal mesoderm and paraxial mesoderm and later from rostral dienImmunohistochemistry cephalic ventral midline might therefore influence more Embryos (n ϭ 4 minimum for each marker) and explants were examlateral neural plate cells to promote other rostral dienceined using standard techniques (Placzek et al., 1993) . Antibodies phalic fates in response to SHH.
were used at dilutions: K2, anti-HNF3␤ PAb (1:4000); K2, anti-HNF3␤ Analysis of mouse mutants lacking BMP7 function MAb (1:40) ; 68.5E1, anti-SHH (1:50); 6G3 PAb, anti-FP3 (1:4000); 6G3, anti-FP3 MAb (1:10); 2E7, anti-FP4 (1:1); 15.3B9, anti-Not-1 (Dudley et al., 1995; Luo et al., 1995) may reveal, specifi-(1:1) (Placzek et al., 1993) anti-Nkx2.1 (1:5000) (Lazzaro et al., 1991);  cally, the role for BMP7 signaling in the differentiation anti-BMP7 (1: 500, at pH 6.4); anti-2F9 MAb (1:1; N. Sattar and M.
of rostral diencephalic ventral midline cells. The charac-P., unpublished observations); and anti-nestin 1 Mab (1:10). In most ter of the rostral diencephalic ventral midline in these experiments, each conjugate was tested for the expression of all mice has not been studied. However, our results would markers by using double labeling techniques on alternate sections. predict that if the paraxial mesoderm-derived rostralizAppropriate secondary antibodies (TAGO and Boehringer-Mannheim) were conjugated to fluorescein isothiocyanate (FITC), Cy-2, ing signal can diffuse in vivo it could rescue the rostral or Cy-3. midline, acting in concert with prechordal mesodermderived SHH. This would suggest that redundant BMP Blocking Antibodies signaling pathways cooperate with SHH to ensure rosAnti-SHH IgG, 5E1, and SHH-N-protein A-affinity-purified H4 IgG tralization of the forebrain ventral midline. If, however, were used at concentrations of 2.5 and 50 g/ml, respectively (Ericthe paraxial mesoderm-derived signal cannot operate son et al., 1996) . They were first tested for the ability to block floor plate induction in nc-cNP conjugates (0% FP3 ϩ , n ϭ 4). Anti-BMP7 from a distance in vivo, our findings would predict that IgG, 1B12 (Vukicevic et al., 1994) , was used at 10 g/ml. Mesodermal the ventral midline of the rostral diencephalon of the explants were preincubated in blocking antibody for 60 min on ice.
BMP7-null mouse expresses the caudal properties of
Further inclusion in the culture medium was found to be unnecessary the floor plate as a direct result of the loss of BMP7 for block of function. The effects of the antibodies were overcome signaling by prechordal mesoderm.
by the addition of 40 nM SHH-N or 50 nM BMP7, respectively.
Experimental Procedures
